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ON THE SANTA YSABEEL CREEK.
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INTRODUCTION

This Repoft is intended to set forth the results of
an investigation of the probable output of hydro-electric power
which may be developed at & hydro-eleotric plant to be loocated
on the Santa Ysabel Creek at Pamo reservoir site in the Southwest
quarter (SW%) of Section 13, Township 12 South, Range 1 East;

Sgn Bernardino Meridian,

The power plant and odlleoting and transmission worké
are plamned to utilize to the fullest extent the available head
and stream flow in the Santa Ysabel river below the Sutherland
dam site, the Black Canyon (reek below lesa Grande; and the San
Luis Rey River below the Warner Dam Site. The total stetic head
below "arners exceeds 1,%00 feet. The total static head below -
Sutherland and Black Canyon exceeds 880 feet.

The flow of the San Luis Rey and Santa Ysabel rivers
18 regulated by storage in the Werner and Sutherland Reservoirs
respectively and the safe net yield of these two streams is taken
from the Report of the Board of Engineers, dated February 24, 1917.
Black Canyon offers no storage possibilities, so it is proposed
to divert Black Canyon, when available, in preference to Warner
and Sutherland supply, which may be held over by storage until
the flow of Black Canyon falls below the required amount. The
Warner water is to be used before drawing upon Sutherland in
order to reduce the loss by evaporation from Warner Reservoir,
which covers considerable area,

| Below the power plant it is proposed to ocatech and store
all of the used water in Pamo reservoir up to its maximum oapacity.



The water may be distributed from Pamo for irrigation or other hses.

It is assumed in this report that the demand for power 1s
uniform throughout the year, but the storage facilities at Warner

and Sutherland make it possible to care for a variation im the power

demand during the year, and storage at Pamo will oare. for variations

in demand for irrigation or domestic supply.

The data upon which this report is based was obtained
from the Report of the Board of Engineers referred to above, and
Hydrographic records and surveys of the Volean Land and Water
Company.

The report is arranged as follows:

1. Description of rFroposed System.

2. Elevation and Heads.

3. Vater Supply.

4, Power Output and Capacity.

5. Conclusions.

O

DESCRIPTION OF PROPOSED SYSTEM

Plate 1 shows the scheme for utilizing the water from
the three streams, San Imig Rey, Black Canyon and Sante Ysabel,

The San Luis Rey water is colleoted in the Warner Reser-
volr and discharged through a tunnel to Blagk Canyon where it is
carried in a pipe and discharged through a penstock to thé Power
House at Pamo. The Santa Ysabel water is collected in the Suther-
land Reservoir and carried by & pipe line and discharged through e
penstock to the Pamo Power House.

There are two schemes for using Black Canvon water.
No. 1. All Black Canyon water is diverted just above the crossing
of the Sutherland pipe line and put into the Sutherland pipe.
o, 2. Part of the Black Canyon water is diverted just above the
outlet of the Warner-Black Canyon tunnel and put into the Warner-
Black Canyon pipe line. The remainder of the Black Canyon water is
put into the Sutherland pipe line as in No. 1.

The Power House is loo2ated on the right bank of the Santa
Ysabel River just above the high water line of the Pamo Reservoir
and discharges into Pamo. The Power Plant should be able.to use

water from either penstock alone or both together.



EIEVATION AND HEADS

WATER SUPPLY

This data has been determined by fileld surveys by the The safe net yleld of the Warner and Sutherland reservoirs

Volcan Land and Water Company. has been determined by the Board of Engineers in their report dated

February 24, 1917, and their figures have. been used in this report,

Elevation Outlet We A S o S S ' |
Tner Reservoir 2,648 nemely 34 second feet from Varner and 16,5 second feet from Suther-

Elevation Outlet Warner-Black Cunyon Tunnel «=e=w=-- -—-- 2,639 1and

Elevation Top of VWernes-Pamo Penstock -w==-- ——eeeane—- 2,615 The Volecan Land and Water Company has records of the flow

Elevation of Nozzle at Pamo Power House ---==e-weww-- 1,045 at the gaging station at the mouth of Black Canyon for 5 years last

Total Statlc Head ~--eveewccecee-- T T T 1,608 past. There is also record of the Santa Ysabel River at Sutherland

Frioction Loss --=-e-ceccce—co- R L S T A T 45 ‘during the same period. The nature and proximity of the two water-:-j

Effeciive Head -------cracemcccncca- T Ay 1,558 sheds and inspection of simultaneous meeasurements indicates that ._:/'
Kl ovation Outlet Suthistind Riaaassas /i) G 1,930 Black Canyon and the Santa Ysabel River have the same characterisﬁigé
Riovatiin Top of Sithariioi:Bacs Fietoas oo 1;905 and regimen, and it is therefore feasible to compute the probable ‘ &\
Elovetisn Neinle ot P Pats Boias' uaicto s iyian 1,045 runoff of Black Canyon for years of which there is no record by

Potal Statee BeaR iiidiseaiaimiicy ap St < 885 comparison with the accepted values for Sutherland. In order to do

Dot b Bl S e e S ) ;_______________ 5q this a runoff relation ourve has been made. (Plate 3)

B tactiive Toad Lot salie pie e s i 856 . The probable runoff of Black Canyon was then computed from

the ourve.by using the values of Sutherland runoff as determined in

Elevetion Upper Bleck Canyon intake --w--wemececee-e- 2,710 the Board of Engineers Report. This is shown in Table 1.
Elevaetion Bower Black Canyon int2ke ---=e---eesc-ce-- 2'040 Since the Blaock Canyon water is to be diverted at two
Elevation High Water Line Pamo ResServoir --eececcccecec-a 1,015

different points on the stream it is necessary to distribute the
total runoff over the ocatohment area as controlled by the points of
diversion. This statement is mnde clear by an inspection of Plates
1l and 2. Iaohyafose studies show &2 uniform variation in rainfall
from Area A to Area C, precipitation being greatest at the North

/ end of the drainage area. The topography of Areas B and C is nearly
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the same - being slightly in favor of Areg B as regards runoff,
The topography of Area A has much gentler slopes than Area B and
comprises more oultivated land thereby losing more by evaporation.
From the foregoing conditions the following relations
have been assumed.
Runoff per square mile from Areas A & B is the same.
Runoff per square mile from Area C is one-~half that of B.
The Areas and distribution of runoff are -

Area Sqe Miles Weight % Total
A 10.0 1 67.6
B 4.0 1 27.0
c 1,5 % 5e4

15,5 2% 100,0

The total runoff is then distributed over the total area for the
29 year period as shown in Table 2.

Diversion

On account of the limited capacity of the diversion con-
duits and the great variation of stream flow, it is necessary to
allow for wasgstage of a certéin portion of the runoff during flood
periods.

To determine this waste a study has been made of the
Sutherland discharge by days over & 6 year period and the results
noted in Table 3.

The Sutherland discharge was studied because the records
are more complete than those of Black Canyon, while the regimen is
nearly fheleame. _ _

The underlined values determined in Table 3 were plotted
and curves drawn through them showing the percent of yearly runoff

wasted for various conduit capacities. (Plate 4)
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Applying this ocurve to the Black Canyon runoff values,

there is left an average flow available for use of 4 second feet.

POWER OUTPUT & CAPACITY
The safe yleld of the three streams and the effective

heads are - |
38c.ft. Effective Head

San Luis Ry «-cemcmccceccccec-- ———— 34,0 15568,
Santa Ysabel «ccccew-- - 15,5 856.
Black Canyon A B eececcceccccccane-- 4,0 856.
Black Canyon & «ecceccccccccccmcca- 2,86 1558,
Blagk Canyon B «eecccccccccccccce-- 1,156 856.

Plan No, l. Oniy one diversion from Black Canyon.

The total power output is calculated for 70% plant efficiency,

as follows:

34 s.f, x Jgggi'_ui.%ﬁ X .70 = 4210 H.P,

16,0 Befe X 85@!11 62.4 x 70 = 1054 H.P.

4 8.%f, I%M X J70 = 272 H.P,.

T0t8l ~=eeee- 6636 H.Pe = 4125 K.We.

Plan lio. 2. Iwo dlversions from Black Canyon.

Same 48 Ho. 1 = 5536 H.P,

and 23_25 B.f.B_gU'?OW 1_6204 X J70 = 159 H.P.

TOtal ------- 5695 Ho.?o = 4:250 KQW.

In order to care for hourly fluctuations in load upon the
power plant, the oonduité and penstocks mnst'%e designed to carry
the mdiimum‘amonnt of water ﬁeoeesary for the peak load and in the
absence of pondage facilities at the head of the penstocks, the
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entire hydraulic transmission system must be under pressure.

In this report & load faotor of 650% is used as representing
average practice, and being well on the side of safety.

The houxrly load ourve is shown in Plate 6.

The electriocal power capacities are computed as follows
for a 50% load factor:
Plan No. 1:

5636 H.P

X 0746 = 8250 Kow.

Plan No. 2:

5695 H.P. X 746 = 8500 K.W.

IMPORTANT DEPAILS OF HYDRAULIC TRANSHISSION
“SYSTEN

Capadity Dimensions Length Head
Structure Sec.fte. Foot Feet Grade Lost
Warner Tunnel g2 . 6% x.8. 25,400 ,00035 9
Werner-Pamo Pipe 92 + Qo BE 24,192 ,001 24
Warner-Pamo Penstock 92 de b 6,650 12
Suth.-Pamo Pipe 167 de 7 26,213 .OOL 25
Suth.-ramo Pensfock 167 de 6 2,480 4
Blk Can.Pipe (Upper) -
Plan 2 76 d. 2% 1,600 .047 70

Blk Can.Pipe (Lower)

Plan 2 31, d. 2 5,000 .024 119
Blk Can.Pipe (Lower)
Flan 1 163 d. 3.8 5,000 .024 119
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CONNCLUSIONS

l. Tho total flow available for power development at

Pamo is 34,0 seoc. ft. from Warner
16,6 seo. ft. from Sutherland
and 4,0 seo, ft. from Black Canyon.

2 VWhile Black Canyon affords no storage sites for any
considerable quantity of water, a dam should be provided which will
impound at least 20 acre feet in order to regulate ﬁhe flow for
one day in accordance with the demand for power.

Je« The used water from the power plant ca&n be ragulatéd
in Pamo reservoir for other uses by a dam 210 feet high.

4. The average Hydro~eleectric power output availebke
will be 5695 conthnuous Horse FPower.

6« The possible electrical power capacity of the power
plant, at a bOp daily Load Factor is 8500 ¥.W.

6« There are no surveys from which to determine the
practicabiliity of building an economical pipe lina and diversion
dam a2t the upper Black Canyon intake referred to in this report,
wnich would net 159 additlional Horse Power. The canyon is favorable
for a diversion dam and bthe length of plpe would probably be less
than 1600 feet as estimated in the last preceding tabulation, so
that, considerinz the reduct;on in size of pipe a8t the lower intake

if +this Plan No. 2 is adopted, the scheme appears attrective.

Respectfully submitted,

o0 3¢ O e ,
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Table lios 2.

Table llo. 1 DISTRIBUTION OF BLACK CANYON RUNOFF (See Plate 2)

’ uan
SEASONATL RUNOFF OF BLACK CANYON AT GAGING STATION. _Q tities in Acre Feet
COMPUTED FROM PLATE 3 AND SESSONAL RUNOFI AT SUTHERLAIND.,

L=R=g =N -} -IlﬂﬂﬂBEHBBI:HBHI-HB----HB.IB- EpEnsEmEoEss iRt -1 F 4 F - - cSEEEEEsTo

Quantities in Aore Feet. : sArea 0 : Ares B : Area A : Area A & B
Season :Total runoff:5.4% g . : N =&
Saiieriand et | sladk Ganyo 5 1 R Mo L m:omami e
Season : Engineers Report :lleasured : Computed : : 1 AR : ’
: : : 1890-91  : : : e : |
1888-89 13,000 3,000 1891-92  : gﬁggg e o : i:ggg : 2;238
1889-90 24,500 6 %ggg-gz : g,ggg : fog : 1,000 3 2:500 : 3,500
1890-91 27,500 6,200 100696 i 9960 N pep L aigetd AyE8s - 1,990
1891 92 10’100 2,300 : ’ . b . ¥ = 6,740 i 9'420

- [ i ‘ : . : >
1892-93 16,000 3,700 1895-96 : 1,050 : : . - :

1895-94 8,000 1,800 1896-97 2:308 : 128 : 338 : 1,3%8 : 2 ggg
1894 -95 52,400 : 9,960 189798 - 880, s 30 : 150 : 370 : '520

: . - : : 20 :- 110 : : 3
1895-96 5,000 : 1,050 1899-1900 : 300 15 : 80 : Sgg : 588
1896-97 11,700 : z,ggg : : : ; ;

-98 5,000 : 1900-0L : 1,600 : Sl damn : .
%ggg-gg 2,500 : 400 1901-02 1:380 : gg : 552 : 1'238 : %:i%g
1899-1900 2,000 5 00 190RE8, . s Bi000 . : A0 s, 080 : 1,880 4 -1 090

- S3-04 : - - 240 : 610 : 850
%ggg:g% g.ggg ; %?388 1908-08 : 3,260 180 : 880 : 2,190 : 3,070
- o - : - - -
1902-03 8,900 : 2,000 1905-06 : 7,700 : 420 : 2,080 : 5.200 :  7.280
1903-04 4,300 : 900 1906-07 : 4,750 9 : 2,080 : 5,200 : :
1 5 14’000 " 3 950 1907 -0 . ’ : 860 : 1,280 : 5,210 : 4,490
vou- ' 8 s | o | om0 b Lem
: : g : : - : 260 : 5,960
%382"83 23-288 3 Z;ZSS 1909-10 : 4,500 240 : 1,210 : 3,050 : 4,260
- ’ " . - : : :
1907 -08 6,900 : : 1,500 1910-11 : 2,460 : 130 : 660 : 1,660 : -
190910 27,800 : : §800 1911-12  : 1,550 80 : 420 : 1,050 : 51238
1909-10 19,400 : : 4,500 igig-iz R ggg lgg : 280 :. -BBb : 775
- . - - g : 640 : 1,590 : 2,230
1910-11 10,700 : F o 1ees 1914-15 : 6,926 876 : 1,870 : 4,680 : 6,550

- : 7, : : : : : : :

1912-13 4,370 : 820 1915-16 : 14,468 : 788 : 3,900 : 9,770 : 13.670
p 2 . . 2 7 A = - ’
%3%3’%? : %g,%gg : gzggg : 1916-17 : 3,187 : 167 : B840 : 2,130 : 2,970

- - . ¥ . : : : . -

1915-16 95,040 14,458  : b : 102,960 : 5,575 : 27,865 : 69,520 : 97,385
1D - S i . # . H - . - . '
1916-17 3 15,3514 - 0,890F liean : 8,660 : 192 : 9613 2,39Y : 3,358

e ______,_____E_ﬂ,-_==-===;============ ST-T 1% i S ; 4,90 ; 26 ; 1,33 ; SedL ; 4,64

. mmm e e e — S —— W ——— —— — —

it 335 -3 -F-F 3§ ==============================l::::::::l:l:ucl::l: S 22 13 11 3 3 5 5 3 3 F ¥




Table llo. 4.

COMPUTATION 0] BLACK CANYON WASTE Oli ACCOUHT OF LIIITED CARPACITY OF
DIVERSION CONDUIT (¥rom Ylate 4)
Conduit Capacity = 82 sec. ft. = 59,400 acre feet per year.

Table lioe Jde

CHARACTER OF SEASOHAL DISCHARGE AT SUTHERLAND IN RELATION TO MEAN

132131 2 31 113131232t 1t 1 i3 31T -T2 101 P R BB R R ol R R R SRR ) )

oA X - : - sPercent con- : S : Runoff
SBEASONAL DISCHARGE. 3 :duit capacity:Percent seas-: :availeble
:Egno#f ofB:to Meanfpis- :on's gnnoft - :for diver-
===========n========nl‘-‘===ﬂ=====n==ulcﬂngl:u::l-uIﬂnnn-nnu.-lu.nlﬂlll-ﬂll . aa & :o}mrge or :mate from . t'liraata : BiOn
: : :  Maximum :% 0f Seasonal Runoff above Season :Acre Feet : ieason :  Qurve :AGe Ft,:A0re Feet
: :Mean  :56C. Tte: » : 3 : = : : $ : :
Season  :Runoff :Sec.ft.: :of mean:Mean :1000% M3599%<H-_J___ 1888-89 : 2,840 : 2,090 - 4 s . AMs BT
: : : : : : : 1889-90 : 5,300 : 1,120 : 10 : 630: 4,770
1912-13 : 4,370 : 6.04 : 96 : 1,670 : 49 : & : 7, ! : 7 : : . g
: : : : : : ; 1890-91 5,870 : 1,010 : 12 : 700: 5,170
1913-14 :10,450 : 14,43 : 680 : 4,700 : 68 : 13.7 : 36. 1891-92 2,180 : 2,720 : 2 : 44: 2,136
: : : : : : : 1892-93 3,500 : 1,700 : 6 : 210: 3,290
1914-15 :51,130 : 43,0 : 500 : 1,165 : 58 : .8 : 12.0 1893-94 1,700 : 3,490 : 0 : 0: 1,700
: : : : . : : . 1894-95 9,420 630 : 19 I O ) 7,630
1915-16 :95,040 :131.3 : 10,800 : 8,850 : 70 : 48. : 52. - : ; MR
: : : : : : : - 1895-96 990 : 6,000 : 0 : 0: 990
1916-17 :13,314 : 18,4 : 300 : 1,630 : 40 : 2., : _T.B 1896~97 : 2,550 2, 330 : 3 : 7Y: 2,475
: : : : : : : 1897-98 : 520 : 11,400 : 0 : 0: 520
: : : : ‘ 1898-99 : 380 : 15,600 : 0 : 0: 380
: : E f 1899-1900: 280 : 20,800 - 0 - 0: 285
: : : : 1900-01 : 1,510 : 3,930 : 0 : 0: 1,510
llegns 7,463 : 56 : 11l.8 : 23, 1901-02 : 1,135 : 5,230 : 0 : 0: 1,135
: : : : 1902-03 : 1,890 : 3,110 : 1 : 20: 1,870
- : : 1905-04 : 850 : 7,000 - 0 - O: 850
- " RO B b L i B 1904-056 : 3,090 1,940 - & : 123: 2,947
1905-06 : 7,260 : 817 : 15 . 1,100: 6,180
1906-07 : 4,490 : 1,320 : 8 : 360: 4,130
_ 2 1907-08 : 1,420 : 4,180 : 0 : 0: 1,420
Results plotted on Plate 4. 1908-09 : 5,960 : 995 : 12 - 720: 5,240
1909-10 : 4,260 : 1,390 : 8 : 340: 3,920
1910-11 : 2,320 : 2,560 : 2 : a7: 2,273
1911-12 : 1,470 : 4,040 : 0 : 0: 1,470
1912-13 : 770 : . 9:670 - 0 : 0: 775
1913-14 : 2,230 : 2,660 : 3 : 67: 2,163
1914-15 : 6,650 : 908 : 13 : 850: 5,700
1916-16 : 13,670 : 435 : 45 : 6,150: 7,520
1916-17 : 2,970 : 2,000 : 0 : : 2,970
Total : 97,386 : . 13,242: 84,143
liean : 3,368 : : :  467: 2,901
Sec.Fte : 4464 : .  .68: 400
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